The blue star BD + 13° 3224 ( = V652 Her) was discovered to be hydrogen-deficient by Berger & Greenstein (1963) and shown by Landolt (1975) to be variable with a very short period near 0.108 d. An atmospheric analysis by Hill et al. (1981) derived logLIL0=3.1 ±0.2, logR/R 0 = 1.6 ± 0.2, Teff = 26500 ± 2000 K and a hydrogen abundance of '" 1-2 per cent by number, very hydrogen-deficient but not in the 'extreme Helium' (eHe) star class (see also Jeffery, Heber & Hill 1986 ). Lynas-Gray et al. (1984) determined a mass of 0.7 M 0 , and radial velocity studies combined with photometric data show that the star is a radial pulsator (Hill et al. 1981; ).
should produce pulsations in LSS 3184 -this was recently verified by Kilkenny & Koen 1995.) Fadeyev & Lynas-Gray (1995 , 1996 have used opacities from the Opacity Project (Seaton et al. 1994 ) in non-linear pulsation calculations to model the radial velocity and luminosity variations -results which are in remarkably good agreement with the observations. They find that the iron peak ('Z bump') opacities are driving fundamental radial pulsations in a 0.72 ± 0.23 M0 star.
What makes V652 Her particularly interesting, to our knowledge uniquely so, is the very fast rate of change observed in the pulsation period. In his paper describing the discovery of light variations, Landolt (1975) used 10 timings of maxima distributed over 214 cycles to determine a period of 0.107995 ± 0.000001 d. Kilkenny & Lynas-Gray (1982) were able to tie the discovery observations to later observations, and to demonstrate that the period was decreasing at a rate of about 46 x 10-10 d per cycle. Kilkenny & LynasGray (1984) used 45 maxima distributed over 30000 cycles to suggest that the period decrease rate was itself decreasFundamental developments in our understanding of V652 Her have resulted from the extensive new opacity calculations. Saio (1993 Saio ( , 1994 showed that new opacities (Rogers & Iglesias 1992 ) allow driving of the pulsations via the kappa-mechanism by the iron opacity peak near 2 x lOS K. (Saio also predicted that the same mechanism ing; the necessity for a cubic ephemeris was confirmed, and the ephemeris was improved in subsequent papers by Lynas-Gray & Kilkenny (1986) , Kilkenny (1988) and Kilkenny & Marang (1991) . The last paper used 98 timings of maxima, including the Landolt discovery data, distributed over more than 57 000 cycles.
In this paper, we present measurements of maxima of V652 Her made since the Kilkenny & Marang (1991) note, show that a cubic ephemeris is no longer sufficient to represent the pulsational maxima of this peculiar star, and attempt to interpret the ephemeris variation in terms of secular changes in the mean stellar radius.
OBSERVATIONS
As with previously reported SAAO data (see the Introduction for references), all observations were made using photoelectric photometers on the 0.5-and 1.0-m telescopes at the Sutherland site of the South African Astronomical Observatory (SAAO). All data were acquired using 30-s integrations through a single filter, usually a Johnson B filter, but occasionally a V filter. Local comparisons were not used for most measurements of maxima, because a good sampling rate was necessary to define each maximum; usually no attempt was made to reduce the data to a standard system, since only the timing of the maximum in each case was required. Where there was any indication that conditions were less than good, the data were rejected. The new results are listed in Table 1 , which gives the year of observation, HJD of maximum, assigned cycle number (based on the ephemeris given by Kilkenny & Marang 1991) , and telescope and filter used for the observations.
THE EPHEMERIS
When the quadratic term in the ephemeris of V652 Her was discovered (Kilkenny & Lynas-Gray 1982) , an error of one cycle was made bridging the ~ 17500 cycles between the Landolt (1975) data and the earliest SAAO results (see Kilkenny & Lynas-Gray 1984) . Since then, a cubic ephemeris has been sufficient to predict maxima of V652 Her; more data have enabled a more precise ephemeris to be derived, but the cycle numbers have not needed to be (1) Fig. 1 shows the residuals from least-squares linear, quadratic and cubic fits to the Landolt and SAAO timings of maxima. For the first time, it is clear that a cubic fit is insufficient, and a higher order polynomial representation is necessary. Polynomials of fifth and sixth order do not give much better fits than the quartic representation given above; further discussion of the residuals from the quartic fit will be given in Section 5.
The quadratic (kl) rate of change of period is remarkably fast -so fast that we can check the quadratic term by deriving an 'instantaneous' period from observations in each season. dn = -83.31 X 10-10 d, which is in very good agreement with the value for 2kl obtained from a quadratic least-squares fit to the timings of maxima, namely -83.2 x 10-10 d. Since the quadratic term is well established in this way, and since the differences in the residuals from the cubic solution between successive years are only a small fraction of the period, we can have some confidence that the solution is correct (in the sense that we have probably not lost or gained any cycles in our numbering -see also Kilkenny 1988) . In fact, in Fig. 2 it is just possible to see the curvature which is evidence for the cubic term; the earliest and latest data lie significantly above the line representing the quadratic term. Grouping the data from obtained from a cubic fit to the timings of maxima (Le., ignoring the quartic term). The ephemeris solution thus seems to be well established, in that the allocated cycle numbers are correct despite the fact that there are gaps in the data which are large compared to the pulsation period.
THE LIGHT CURVE
As the period of V652 Her is changing so quickly, it would be interesting to know whether the light curve shows any used in each case to maximize observing time on V652 Her; unintentionally, these were not the same for each run). These data were reduced in the same way as the earlier data, averaged in pairs to give 60-s data points, and then corrected to B = 5.940 (Hill et al. 1981) . When the data are superimposed, it appears that the 1994 light curve is brighter by about 0.008 mag at maximum light. We cannot, however, be sure that this difference is real, since small colour equation errors or slight variability of either local comparison, for example, could result in changes of this order. The 1994 curve has been shifted 0.008 mag fainter and plotted with the 1985 curve in Fig. 3 . The shift was made such that the photometry from both years agrees at maximum light. It can be seen that there is then good agreement from phase ~ 0.8, through maximum to around phase 0.3 or 0.4, but that the 1994 curve is about 0.004 mag fainter between phases ~ 0.4 and 0.8. It is possible that the difference could be due to small time-dependent drifts allowed by the rather infrequent sampling of the local comparison (in either set of data, although the 1994 data appear very stable and the 1985 data reasonably so), so that we cannot draw any firm conclusions on whether the light curve has changed. It should, however, be possible to check if the (apparent) 0.008-mag brightening of the star is real by remeasuring the local comparison stars to see if the Hill et al. (1981) Jeffery (1984) has described 'helium horizontal branch' stellar models; a model with a mass of 0.7 M o ' a helium core mass of 0.475 Mo and a very hydrogen-deficient atmosphere reproduces the surface temperature and luminosity of V652 Her. The contraction in the hydrogen-poor envelope which occurs as the model is evolved can also reproduce the quadratic term (kl ) in the ephemeris but not the higher order terms (the largest value for k2 obtained by Jeffery (1984) was still a factor of 10 4 smaller than the observed quantity). The Jeffery models indicate that we are probably looking at a post-giant branch star in a very rapid stage of evolution. Qualitatively, it appears that this process is nonlinear; certainly the decrease rate is itself decreasing, and it now appears that a quartic term is developing. Of course, the polynomial fit is only a representation, and on its own it tells us nothing about the underlying physical processes, but the nature of the observed ephemeris must place severe constraints on any attempt to model the evolution of this unusual star.
In an attempt to identify underlying physical processes, the heliocentric Julian Date of the nth maximum was expressed in terms of II(i) (the instantaneous pulsation period at the ith pulsation cycle) as
T(n)=T(O) + L II(i).
(2) ;=1 For every II(i), the period-mean density relation gives
II(i) =Q (i)R (i)3/2M(i)
where Q (i), R (i) and M (i) represent the instantaneous pulsation constant [with y'(41t/3) absorbed], stellar radius and mass (at the ith pulsation cycle) respectively; all were expanded as Maclaurin series of the form
where each derivative is to be specified for i = O. Since the period-decrease rate is comparatively small, derivatives with respect to time were regarded as a simple scaling of derivatives with respect to cycle number. Using (4) and substituting first in (3) and then in (2), we obtain an expression for T(n) in terms of unknown derivatives and constants appropriate for the epoch i = o. If V652 Her hasM(i) and Q(i) invariant for all i, and only the first three derivatives of R with respect to i need to be regarded as significantly different from zero, then
T(n)=T(O)+II(O)
An orthogonal distance regression package ODRPACK (Boggs et al. 1989) 
was used with the observational determi-~t ion of T(n) to estimate T(O), II(O), (R/R)o, (R/R)o and (R/R)o.
ODRPACK was used as a non-linear least-squares program, because the cycle number (independent variable) was regarded as exact, cycle numbers in Table 1 (and those obtained from the literature) being augmented by 214 so that all available maxima could be used in (5). A number of trials were made with diffe~.~nt versions of (5); higher derivatives were added and (R/R)o removed, each case also being tried with (Q/Q)o and (M/M)o included separately and together.
Equation (5) was the functional form finally adopted because a good fit was obtained for a minimum number of parameters; a small trend in the residuals, comparable with that given by the ephemeris fit (1) 
(R) i 2 (R) i 3 (R) ]3/2 T(n)=T(O)+II(O) L l+i
yields a least-squares solution (~o = -(1.88 ± 0.14) x 10-11 cycle-I (7) when all other parameters are fixed at the above values. Although Fadeyev & Lynas-Gray (1996) have suggested a small mass-loss rate for V652 Her, equation (7) indicates a rate of 6 x 10-8 stellar masses per year, which is much higher than the IUE observations would allow. In addition, applying the mass-loss rate indicated by equation (7) gives no appreciable improvement to the fit obtained using (5). All three fits (to equations 1, 5 and 6) give an rms error very close to 0.0011 d, and can therefore be regarded as giving an equally good representation of the observations and predictions for maxima. It must also be realized that the trend in residuals which the derived (M/M)o tries to represent could equally well be interpreted as a non-zero (Q/Q)o; it is not possible to distinguish between these cases with the data presently available. Fadeyev & Lynas-Gray (1996) used their non-linear radial pulsation calculations, together with ephemeris coefficients by Kilkenny & Marang (1991) 
, to estimate (R/ R)o, (R/R)o, (Q/Q)o and (Q/Q)o;
they assumed constant stellar structure parameters (the coefficients in their equation 2) for the period 1974 to 1991 over which T(n) observations were previously published. Data analysed in the present paper suggest (Q/Q)o to be at least one order of magnitude smaller than Fadeyev & Lynas-Gray's result of (Q/ Q)0=4.8 x 10-9 cycle-I; their suggestion, that non-linear radial pulsation calculations be generalized to include stellar evolution, is therefore endorsed because calculated values of (Q/Q) would guide the interpretation of the presently available T(n) observations. Values of (R/R)o and (R/R)o deduced in the present paper were consistent with Fadeyev & Lynas-Gray's (1996) estimates, once differences in (Q/Q)o and (Q/Q)o were taken into account. A substantially improved fit to the observations is obtained when (R/R)o is included in (5), and its value has been estimated here for the first time. As discussed below, an exacting test of new theoretical models of V652 Her could be provided by values of (R/R)o, (R/R)o and (R/R)o (taken with their standard deviations) reported here.
Transformation of (5) into the same form as (1) is tedious but straightforward; after some algebra, it is found that, to a (numerical) accuracy of 1 part in 10 7 or better,
For ephemeris coefficients given by (8) to be directly comparable with those obtained by the linear least-squares solution of (1), the original epoch was recovered by returning to standard cycle numbers; this meant that the first nine T(n) by Landolt (1975) 
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• linear least-squares error limits, with the ephemeris solution presented in Section 3. Residuals obtained by comparing fit (1) with the observed times of maxima are plotted in Fig. 4 . The errors in the timings of maxima have been estimated to be about ± 0.001 d, and indeed the scatter for a given season has a typical total range ~ 0.002 d for all the data later than about 1980 (after which most of the data were obtained with the 1-m rather than O.5-m telescope). It can be seen in Fig. 4 that the residuals from the quartic solution are comparable with these errors, although fifth-and sixth-order polynomials do make a small improvement, slightly 'flattening' the residuals ~ 65 000-72 000 cycles, but not significantly affecting the other residuals. Another possible interpretation is that the residuals appear to exhibit a sinusoidal modulation. The referee of the Kilkenny (1988) paper pointed out that the residuals to the (cubic) solution presented in that paper did not appear completely random, but it was felt that the data available at that time did not merit more detailed treatment. This might still be the case but, whilst acknowledging the somewhat speculative nature of what follows, it is none the less interesting to follow through the possibility of a small sinusoidal term in the residuals.
A linear least-squares fit, to residuals from the fit to (1), of the form would arise if V652 Her were a component of a binary system and consequently in orbit about the system barycentre. It must be stressed that extensive photometric and spectroscopic monitoring of V652 Her over two decades has not revealed any evidence of binarity (although Kilkenny & Lynas-Gray 1984 did consider binarity as one possible explanation of the ephemeris cubic term); any companion would therefore be expected to have a low mass and luminosity. The well-studied blue radial pulsator was assumed to be the primary of a binary system and the other component to be an object having both a low mass and a low luminosity; both were considered to have a fixed separation a by virtue of their orbits (assumed to be circular with radii a1 and a2) about the barycentre. An orbital period of 27 400 pulsation cycles (8.1 yr) was obtained from the linear least-squares fit to (9); Kepler's third law then implies a =a1 +a2 =778 Ro if the secondary mass can be neglected. An amplitude derived from the least-squares fit to (9) An orbital period of 8.1 yr and an orbital radius of 16 Ro correspond to a radial velocity modulation amplitude, for the blue radially pulsating primary, of 0.03 km S-1; this would not have been detected in any radial velocity monitoring carried out to date. It is therefore clear that the sinusoidal distribution of residuals, seen in Fig. 4 , could indicate that V652 Her is a binary; the blue radial pulsator would have to be separated from its low-mass companion by roughly 780 Ro-At least one more cycle of the sinusoidal modulation in residuals needs to be observed before much weight can be attached to the binary hypothesis suggested here.
CONCLUDING REMARKS
New timings of maximum light for V652 Her presented in this paper show a departure from the cubic ephemeris, first proposed by Kilkenny & Lynas-Gray (1984) , and necessitate the introduction of a quartic term; a new linear leastsquares solution then gives an excellent agreement with observation. A non-linear least-squares fit to available timings of maximum light provides estimates of (R/R)o, (R/R)o and (R/R)o which successfully account for the ephemeris coefficients obtained by linear least-squares. Further timings of maximum light for V652 Her will be needed for many years (if not decades) to come, so that the ephemeris interpretation presented here can be developed and checked.
Values of (R/R)o, (R/R)o and (R/R)o obtained here
(together with their standard deviations) will, especially if extended by future observations, provide a stringent test of any theoretical models for V652 Her; they also suggest extremely rapid evolution not yet accounted for in nonlinear radial pulsation calculations. Jeffery's (1984) evolutionary sequences for V652 Her were necessarily computed with opacities now considered to be obsolete (Seaton et al. 1994 ); a revision is suggested by the successful application of new opacities to modelling pulsation and the less than perfect agreement between observed and predicted values of (R/R)o and (R/R)o, as already noted (Jeffery 1984; Fadeyev & Lynas-Gray 1996) . Non-linear radial pulsation models for V652 Her, which take rapid evolution effects into account, are also needed; these could be carried out using techniques described by Dorfi & Feuchtinger (1991) , and should provide (R/R)o, (R/R)o and (R/R)o (as well as corresponding derivatives of mass and pulsation constant) for direct comparison with observation.
